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Table 1-3. Descriptive statistics for TWINSPAN classification types. 
TWINSPAN Classification Type Basal Area (m2/ha) Density (stems/ha) 
No. of 
Dominant Subdominant(s) Code Samples Mean SD Mean SD 
Pinus rigida 0 39 14.2 4.6 274.4 111.3 
Pinus virginiana Pinus rigida 1 54 16.1 6.6 264.3 99.0 
Quercus alba Quercus coccinea 2 17 13.8 5.4 224.0 63.0 
Pinus virginiana 
Pinus strobus Quercus alba 3 20 18.1 8.2 279.0 83.8 
Pinus rigida 
Pinus strobus Quercus alba 4 17 24.6 9.7 262.7 94.1 
Quercus alba Castanea dentata 5 57 18.0 9.2 214.7 92.1 
Quercus prinus 
-
Castanea dentata Quercus prinus 6 219 20.9 12.0 214.1 104.6 00 
Castanea dentata Quercus rubra 7 121 24.4 13.9 230.2 121.9 
Tsuga canadensis Liriodendron tulipifera 8 63 25.0 18.4 259.8 118.5 
Tsuga canadensis Betula lutea 9 112 35.0 21.6 279.8 147.3 
Iilia heterophylla Aesculus octandra 10 58 27.0 14.3 252.5 109.5 
Acer saccharum 
Fagus grandifolia Betula lutea 11 60 27.7 13.4 322.7 135.4 
Betula lutea Picea rubens 12 40 28.1 12.2 326.8 200.9 
Picea rubens Tsuga candensis 13 22 41.5 27.2 278.1 170.4 
Betula lutea 
Picea rubens Abies jraseri 14 46 41.6 22.7 398.0 311.1 
Betula lutea 


































Table 1-4. Species mean basal area (m2!ha) by TWINSPAN classification type. 
TWINSPAN Classification Type1 
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.36 0.38 7.08 40.86 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.06 0.00 0.03 0.00 0.00 0.00 
0.02 0.06 0.11 0.27 0.93 0.41 1.27 0.33 0.50 2.13 0.05 0.45 0.68 0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.02 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.02 0.01 0.26 0.53 0.35 3.65 3.84 0.05 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.06 0.00 0.04 0.00 
0.00 0.00 0.00 0.02 0.06 0.00 0.09 0.00 0.15 0.21 0.06 0.01 0.00 
0.00 0.12 0.00 0.04 0.08 1.04 0.02 4.03 3.75 0.61 0.00 0.00 0.00 
0.00 0.00 0.04 0.10 0.23 0.74 2.39 0.54 0.59 0.47 0.33 0.75 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.26 1.87 4.25 2.23 5.61 11.98 4.48 4.02 0.06 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.00 0.10 0.05 0.09 0.03 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.05 0.00 0.31 1.34 1.30 0.28 0.26 0.00 O.Dl 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.03 0.00 0.00 0.00 0.05 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.15 0.34 0.66 0.00 1.43 1.50 0.23 0.33 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 





























0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.35 0.00 0.01 0.18 0.39 2.16 2.00 8.24 1.85 0.16 0.06 0.06 
0.00 0.12 O.Ql 0.01 0.10 0.60 0.00 0.72 0.06 0.00 0.00 0.00 0.00 
0.00 0.18 0.00 0.13 0.32 0.58 0.98 1.75 1.16 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.05 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.00 0.00 0.00 0.05 0.05 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.30 1.88 1.71 0.37 0.28 3.66 0.20 0.28 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.07 0.18 0.16 0.19 0.10 0.00 0.00 0.00 0.00 0.00 




























Number of plots 





































































TWINSPAN Classification Type1 
5 6 7 8 9 10 11 12 13 14 15 
0.28 0.72 0.02 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.07 0.05 0.00 0.00 0.00 0.00 0.00 
0.25 0.18 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.32 1.21 0.17 0.95 10.24 26.80 29.58 1.44 




0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
O.o3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.09 0.23 0.16 0.12 0.12 0.13 0.01 0.00 
0.00 0.10 0.04 0.05 0.06 0.02 0.46 0.41 0.03 0.00 0.00 0.00 
4.05 3.16 0.35 0.67 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.87 0.36 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.32 2.29 4.95 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.70 0.92 1.37 7.47 0.19 0.14 0.35 0.14 0.06 0.00 0.00 0.00 
0.10 0.70 0.98 
0.01 0.11 0.23 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.77 0.00 1.06 0.23 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.03 0.57 0.33 0.27 0.66 0.35 0.07 0.04 0.04 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 O.o3 0.00 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
0.04 0.00 0.04 0.01 O.Dl 0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.D3 0.00 0.00 0.00 0.03 0.62 
0.00 0.00 0.03 0.02 0.39 2.44 0.28 7.03 0.35 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.11 2.20 0.14 0.59 0.02 10.43 18.29 2.50 1.07 0.31 9.14 0.00 0.00 
0.00 0.00 0.00 0.00 
39 54 17 20 
0.00 
17 
0.00 0.00 0.00 
57 219 121 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63 112 58 60 40 22 46 5 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1-5. Comparison of GRSM classifications. 
This study Miller (1938) Whittaker (1956) Golden (1981) Callaway et al. (1987) 
PNSRGD Yellow Pine (No equivalent) (No equivalent) Yellow Pine 
PRNVRG-PNSRGD Yellow Pine Virginia Pine (No equivalent) Yellow Pine 
QRCALB-QRCCCC Oak-Chestnut White Oak-Chestnut (No equivalent) White Oak-White Pine 
PNSSTB-QRCALB, White Pine-Hardwood (No equivalent) (No equivalent) White Oak-White Pine 
PNSRGD 
PNSSTB-QRCALB White Pine-Hardwood (No equivalent) (No equivalent) White Oak-White Pine 
QRCALB-CSTDNT Oak-Chestnut White Oak-Chestnut (No equivalent) (No equivalent) 
CSTDNT-QRCPRN Oak-Chestnut Chestnut Oak-Chestnut Chestnut Oak Chestnut Oak 
N CSTDNT-QRCRBR Oak-Chestnut Red Oak-Chestnut Northern Red Oak Northern Red Oak ..,.. 
TSGCND-LRDTLP Hemlock Eastern Hemlock Hemlock Hemlock-Yellow Poplar 
TSGCND-BTLLUT Hemlock Eastern Hemlock Hemlock-Red Maple Hemlock-Silverbell-Beech 
TILHTR-ASCOCT Cove Hardwood Cove Hardwood Cove Hardwood Basswood-Buckeye 
FGSGRN-BTLLUT Northern Hardwood Gray Beech Beech Beech 
BTLLUT-PICRBN Northern Hardwood Red Spruce Yellow Birch-Spruce (No equivalent) 
PICRBN-TSGCND Spruce Red Spruce (No equivalent) (No equivalent) 
PICRBN-ABSFRS Spruce Red Spruce (No equivalent) (No equivalent) 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































QRCRBR JGLCNR BTLLUT 
DSPVRG 
QRCPRN 200 --1 PNSP��SECH QRC
�If'JTMN CSTDNT PRSRGDQRCCCC 
RBNPSD G 
JGLNGR PNSVR 
RYGLB CRNFLR QRCMRL C 
MGNACM PRNPNS 100 _j LQDSTYOXYARBCRYOV;!
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DECORANA AXIS ONE 
Figure I-8. DECORANA species ordination, axes one and two. See Table 
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Table 11-3. Thunderhead Mtn. test study area accuracy assessment contingency table. First value in the table is frequency, second 
value is row percent. Note that the vegetation types Heath Bald, Grape Thicket, and Treeless were not included in the 
ground truth sampling. 
Ground Northern Cove Heffil.ock 
Ve�etation MaE 
Mesic Mixed Tulip Xeric Pine Class 
Truth Hardwood Hardwood Hardwood Oak Mesic PoElar Oak Oak Pine Total KHAT 
Northern 7 1 0 0 0 0 0 0 0 8 86.30% 
Hardwood 87.50% 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cove 0 24 1 1 0 0 1 0 0 27 82.91 
Hardwood 0.00 88.89 3.70 3.70 0.00 0.00 3.70 0.00 0.00 
Hemlock 0 2 0 0 0 0 0 0 0 2 -5.26 
Hardwood 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mesic 0 0 0 5 0 0 0 0 0 5 100.00 
(..J1 Oak 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 
(..J1 
Mixed 0 0 3 1 10 0 2 0 2 18 48.47 
Mesic 0.00 0.00 16.67 5.56 55.56 0.00 11.11 0.00 11.11 
Tulip 0 0 0 0 1 5 1 0 0 7 69.52 
Poplar 0.00 0.00 0.00 0.00 14.29 71.43 14.29 0.00 0.00 
Xeric 0 1 0 0 0 0 6 0 0 7 83.67 
Oak 0.00 14.29 0.00 0.00 0.00 0.00 85.71 0.00 0.00 
Pine 0 0 0 0 0 0 0 2 0 2 100.00 
Oak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 
Pine 0 0 0 0 0 0 0 0 4 4 100.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 
Total 80 
Overall Accuracy = 7 8. 7 5 % 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 11-5. Whole park accuracy assessment contingency table. First value in the table is frequency, second value is row percent. 
Note that the vegetation types Grassy Bald, Grape Thicket, Treeless, and Water were not included in the ground truth 
sampling. 
Vegetation Map 
Ground Spruce Northern Cove Mesic Mixed Tulip Xeric Pine Heath Class 
Truth Fir Hardwood Hardwood Oak Mesic Poplar Oak Oak Pine Bald Total KHAT 
Spruce 5 0 0 0 0 0 0 0 0 0 5 100.00% 
Fir 100.00% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Northern 2 40 8 I 0 0 0 0 0 0 51 74.48 
Hardwood 3.92 78.43 15.69 1.96 0.00 0.00 0.00 0.00 0.00 0.00 
Cove 0 0 68 1 0 0 0 0 0 0 69 97.88 
Hardwood 0.00 0.00 98.55 1.45 0.00 0.00 0.00 0.00 0.00 0.00 
Mesic 0 2 2 14 1 0 0 0 0 0 19 71.81 
V1 Oak 0.00 10.53 10.53 73.68 5.26 0.00 0.00 0.00 0.00 0.00 
00 
Mixed 0 0 5 1 40 0 8 0 3 0 57 64.70 
Mesic 0.00 0.00 8.77 1.75 70.18 0.00 14.04 0.00 5.26 0.00 
Tulip 0 0 2 0 0 10 1 0 2 0 15 65.39 
Poplar 0.00 0.00 13.33 0.00 0.00 66.67 6.67 0.00 13.33 0.00 
Xeric 0 0 1 1 1 0 29 0 1 0 33 85.84 
Oak 0.00 0.00 3.03 3.03 3.03 0.00 87.88 0.00 3.03 0.00 
Pine 0 0 0 0 0 0 0 2 2 0 4 49.63 
Oak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 50.00 0.00 
Pine 0 0 0 0 0 0 1 0 15 0 16 93.17 
0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 93.75 0.00 
Heath 0 0 0 0 0 0 0 0 0 2 2 100.00 
Bald 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 
Total 271 
Overall Accuracy = 83.02% 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table III-1. Input and derived species attributes used in FORSMO. Input variables are the species growth constants (B3 and B2); 
shade tolerance (TOL; 1 for shade tolerant, 2 for shade intolerant); maximum age (AGEMAX) in years; the growth 
parameter (G); sprouting tendency (SPRTND) and minimum (SPRTMN) and maximum (SPRTMX) sprouting diameter 
in em dbh; reproduction switches (SWFCI-1): 1) species requires leaf litter for reproduction, 2) species requires mineral 
soil for reproduction, 3) species recruitment is reduced by hot year (not used in FORSMO), 4) species is a preferred 
food of deer or small mammals, and 5) reduced seeding rate of desirable mast; seed source limitation (KTIME) in years; 
and coenocline mode (CMODE) and standard deviation (CSID). 
DBH-HT-AGE-SPR-SPR-SPR-
Species Code1 MA.X2 MA.X2 B; B
z TOL MAX G TND TMN TMX. SWTCH KTIME CMODE CSTD 
Abies fraseri ABSFRS 100 3500 0.3363 67.26 2 200 152.4 0 0 0 FFTFF 9999 106.0 9.4 
Acer pensylvanica ACRPNS 23 1002 1. 7000 76.70 1 25 150.0 0 0 0 FFFFF 9999 60.4 13.0 
Acer rubrum ACRRBR 100 3000 0.2863 57.26 2 150 176.1 3 12 200 FTTTF 9999 55.5 14.8 
Acer saccharum ACRSCH 150 3000 0.1272 38.17 1 300 89.0 3 12 80 FFTFF 9999 61.7 9.8 
Acer spicatum ACRSPC 13 499 2.0000 53.80 2 30 150.0 0 0 0 FFFFF 9999 76.6 15.6 
Aesculus octandra ASCOCT 100 3000 0.2863 57.26 1 100 264.1 1 12 200 TFTFF 9999 64.2 9.5 
Betula /enta BTLLNT 75 2100 0.3490 52.35 1 265 71.0 3 12 100 FTTTF 9999 62.8 9.4 
0\ Betula lutea BTLLUT 50 2500 0.9452 94.52 1 300 72.8 3 12 100 FFTTF 9999 74.8 9.2 -J 
Carya glabra CRYGLB 100 3000 0.2863 57.26 1 300 88.1 2 12 200 TFTFF 9999 26.9 8.1 
Carya ovata CRYOVT 100 3000 0.2863 57.26 1 275 96.0 1 12 200 TFTFF 9999 39.3 4.2 
Carya tomentosa CRYTMN 100 2800 0.2663 53.26 1 300 82.6 1 12 200 TFTFF 9999 26.6 15.8 
Castanea dentata CSTDNT 150 3499 0.1495 44.84 1 300 102.6 3 12 200 TFFFF 9999 39.6 8.7 
Comus }lorida CRNFLR 25 1001 1.3800 69.04 1 100 92.6 3 12 200 FFTFF 9999 36.5 12.6 
Fagus grandifolia FGSGRN 100 3000 0.2863 57.26 1 366 72.2 2 6 30 FFTFF 9999 60.9 11.6 
Fra:'dnus americana FRXAMR 100 3000 0.2863 57.26 1 300 88.0 2 6 20 FTTTF 9999 65.6 13.8 
Juglans nigra JGLNGR 150 3499 0.1495 44.84 2 250 123.1 1 6 20 TFTFT 20 36.2 3.9 
Liriodendron tulipifera LRDTLP 150 3499 0.1495 44.84 2 300 102.6 2 12 200 FTFFF 9999 47.3 16.2 
Nyssa sylvatica NYSSYL 100 3000 0.2863 57.26 2 300 88.0 1 80 200 FTFFF 9999 43.0 20.2 
Osttya virginiana OSTVRG 50 1500 0.5452 54.52 1 100 137.7 2 6 20 FTFFF 9999 40.2 2.1 
O:tydendron arborewn OXYARB 61 3050 0.7828 95.51 1 100 259.0 3 12 200 FFFTF 9999 30.9 9.5 
Picea rubens PICRBN 100 3000 0.2863 57.26 1 400 66.0 0 0 0 FFTFF 9999 88.0 7.8 
Pinus rigida PNSRGD 75 2000 0.3312 49.68 2 200 90.4 2 6 20 FTFFF 9999 -16.0 18.2 
Pinus strobus PNSSTR 150 3499 0.1495 44.84 2 450 68.4 0 0 0 TTTFF 9999 31.4 16.5 
Table III-1 (continued) 
D8H-HT-AGE-SPR-SPR-SPR-
Species Code1 MAX2 MAX2 83 8z TOL MAX G TND TMN TMX swrcH KTIMECMODE CSTD 
Pinus virginiana PNSVRG 50 1500 0.5452 54.52 2 250 55.1 0 0 0 FTFFT 9999 13.4 9.9 
Prunus pensylvanica PRNPNS 28 1126 1.2600 70.60 2 30 200.0 0 0 0 FFFFF 9999 70.2 6.8 
Prunus serotina PRNSRT 100 3000 0.2863 57.26 2 200 132.1 3 12 200 FFFTF 9999 57.6 13.0 
Pyrus americana PYRAMR 10 500 3.6300 72.60 2 30 150.0 0 0 0 FFFFF 9999 94.9 3.4 
Quercus alba QRCALB 100 3500 0.3363 67.26 1 400 76.2 2 12 40 TFFFF 9999 24.3 10.1 
Quercus coccinea QRCCCC 75 2500 0.4201 63.01 1 400 55.4 2 12 80 TFFFF 9999 20.3 9.3 
Quercus marilandica QRCMRL 50 1500 0.5452 54.52 2 400 34.0 2 12 40 FFFFF 9999 2.3 2.8 
Quercus prinus QRCPRN 100 3000 0.2863 57.26 1 267 98.9 2 12 40 TFFFF 9999 24.6 9.1 
Quercus rubra QRCRBR 100 3000 0.2863 57.26 1 400 66.0 2 12 40 TFFFF 9999 36.9 7.7 
Quercus velutina QRCVLT 100 3000 0.2863 57.26 1 300 88.0 2 12 40 FTFFF 9999 18.4 13.8 
Robinia pseudoacacia RBNPSD 152 3048 0.1253 38.20 1 200 136.0 3 12 80 FTFTF 20 49.7 16.5 
Sassafras albidum SSSALB 107 2440 0.2021 43.15 2 100 174.0 3 12 200 TFFFF 20 53.0 2.8 
Tilia heterophylla TILHTR 100 3000 0.2863 57.26 1 150 176.1 3 12 80 FTTFF 9999 56.0 10.0 
0\ Tsuga canadensis TSGCND 150 3499 0.1495 44.84 1 650 47.0 0 0 0 FFTTF 9999 61.9 4.8 
00 
1Species codes (CODE) are not a model input. They have been included for reference purposes only. 
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Figure III-21. Total stand biomass by year for gradient position 95. With Abies jraseri and 
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rJ'J 







0 100 200 300 
-WITH ABIES FRASER! 
.. ·-WITHOUT ABIES FRASER! 
400 
YEAR 
500 600 700 800 
Figure 111-22. Total stand biomass by year for gradient position 100. With Abies jraseri and 
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C .•... FORSMO FOREST SUCCESSION MODEL-VERSION 6.0 
c ..... 3/2!92 























5 format(' FORSMO Version ',f8.3,//) 
c .... . 
c ..... *********************************************** 
C ..... ARRAYS USED IN THE MODEL 
C ..... NTREES-NUMBER OF TREES FOR EACH SPECIES 
C ..... DBH-DIAMETER AT BREAST HEIGHT FOR EACH TREE 
C ..... KSPRT-TREES THAT CAN SPROUT 
C ..... NOGRO-TREES THAT DON'T GROY 
C .•... IAGE-THE AGE OF EACH TREE 
C ..... NEYTR-NEY TREES YHICH ARE ADDED TO PLOT 
C ..... SUMLA-LEAF AREA OF EACH TREE 
C ..... NEY-SPECIES ELIGIBLE TO SPROUT 
C ..... DTEMP -TEMPORARY STORAGE FOR DBH 
C ..... ITEMP-TEMPORARY STORAGE FOR TREE AGES 
c ..... *********************************************** 
c .... . 
C ..... The current random number generator has an 
C ..... "infinite" period thereby eliminating the 
c ..... need for indiviudal seeds as in the original 
C ..... FORET model 
c .... . 
C ..••. SELECT OUTPUT MODE 
c ..... 
c .... . 
PLOT = .FALSE. 
LIST = . TRUE. 
C ..... SET DEVICE SYITCHES 
c .... . 











101 = 5 
102 = 11 




do 500 i=1,50 








> status='new' ,recl=4*nspec) 
if(outswt(3)) open(16,file=filenam2,access='direct', 








c .... . 
C ..... SET SIMULATION PARAMETERS 
c .... . 
C ..... KTIMES-NUMBER OF RUNS 
C ..... NYEAR-LENGTH OF RUN (YEARS) 
C ..... KPRNT-PRINT INTERVAL (YEARS) 
C ..... KPLOT-PLOT INTERVAL (YEARS) 
c .... . 
KPLOT = 1000 
IF(.NOT.PLOT) 
N3 = NSPEC+3 
GO TO 10 
DO 100 IVA= 1,NYEAR 






C .•••. SITE VARIABLES 
C .•.•• SOILQ • THE MAXIMUM BIOMASS RECORDED FOR FORESTS IN THE AREA 
c ..... Note: The following GOD site parameters are not implemented 
C ...•• in this version of the model 
C .•.•. AM ·MEAN NUMBER OF DEGREE DAYS FOR AREA (42 DEGREE F. BASE) 
C .•.•. S · STANDARD DEVIATION OF DEGREE DAY DISTRIBUTION 
c ..... 
10 SOILQ = S0833.33333 
!PLOT = 0 
KYR = 0 
DO 200 JJ = 1,KTIMES 
CALL PLOT!N(IPLOT) 
if(print) WRITE(11,2000) !PLOT 
2000 FORMAT(S8X,'PLOT NUMBER ',14) 
CALL !NIT 
write(*,*) 
DO 2SO I = 1,NYEAR 
write(*,76S4) i,iplot 
76S4 format('+' ,'YEAR: ',iS,' PASS: ',iS) 
KYR = I 
NCT = NCT+1 
!F(NCT.EQ.2) GO TO 30 
CALL GGNORD(Z) 
GO TO 40 
30 Z(1) = Z(2) 
NCT = 0 
40 CALL KILL 
CALL BIRTH(KYR) 
CALL GROW(IPLOT) 
CALL OUTPUT (KYR,IPLOT) 
250 CONTINUE 
200 CONTINUE 
if(print) write(11,*) char(12) 
IF(.NOT.PLOT) STOP 
ZNYR = !PLOT 
NYR1 = NYEAR+1 
DO 300 IV1 = 1,NYR1 
TIMEX= IV1·1 
write(11,2010) TIMEX 






c .... . 












C •..•• NSPEC · NUMBER OF SPECIES 
C..... NSELCT CONTAINS THE SPECIES NUMBER FOR THOSE SPECIES 
C..... THAT WILL BE USED IN THE SIMULATION 
c ..... 
write(*,*) 'Enter Gradient Position, number of passes, and' 








'Do you want 
'Do you want 
'Do you want 
'Do you want 
printed output?' 
age and dbh data?' 
den, ba, and bio files?' 
percent biomass file?' 
write(*,*) 'Answer the above 4 questions with logicals T or F' 




write(*,*) 'Enter output file name (without ext) for data 1, 
> 'output.' 
write(*,*) 'Input string must be enclosed with single quotes.' 




do SOO i=1,50 
if(filenam(i:i).eq.' ') goto 510 
SOO continue 






FORMAT('LOCATION ON THE GRADIENT IS 1 ,FS.1,' OUTPUT', 
-
� � 
> 1 OPTIONS: 1,4L1,' MODEL VERSION: 1 ,F8.3) 
write(11,100) nyear,ktimes 
100 format(/,'YEARS: 1 ,IS,SX,'PASSES: 1 ,15) 
write(11,110) filenam 
110 format(/,'Output filename: 1 ,a50) 
write(11,9912) 
9912 FORMAT(/,51X,1T C' ,/,27X,'DBH HT' ,16X,'0 AGE U' ,BX, 
1 1---SPROUT---', 
2 /,26X,' MAX MAX B3 B2 L MAX R G TND MIN', 




C •••.• INPUT INDIVIDUAL SPECIES INFORMATION 
C ..... AAA-SPECIES NAME 
C .•... DMAX -MAXIMUM GROWING DEGREE DAYS (not used) 
C ...•. DMIN-MINIMUM GROWING DEGREE DAYS (not used) 
C ..... B3-INDIVIDUAL SPECIES CONSTANT USED IN GROW 
C .•.•. B2-INDIVIDUAL SPECIES CONSTANT USED IN GROW 
C ..... ITOL-LIGHT TOLERANCE CLASS 
C ..... AGEMX-MAXIMUM AGE OF SPECIES 
C ..... CURVE-DENOTES TYPE OF CURVE FOR CALCULATING BIOMASS 
C..... (NOT CURRENTLY USED) 
C ..... G-SCALES THE GROWTH RATE OF EACH SPECIES 
C ..... SPRTND-TENDENCY TO STUMP SPROUT 
C ..... SPRTMN-MINIMUM SIZE TREE THAT WILL SPROUT 
C ..... SPRTMX-MAXIMUM SIZE TREE THAT WILL SPROUT 
C ..... SWITCH-REPRODUCTION SWITCHES USED IN BIRTH 
C ..•.. KTIME-DESIGNATES SEED SOURCE LIMITATION FOR CERTAIN SPECIES 
C ....• NUM-INDIVIDUAL SPECIES NUMBER 
C ..... CMODE-COENOCLINE MODE 
C ....• CSTD -COENOCLINE STANDARD DEVIATION 
c ..... 
J=1 





IF((CMODE(J)-GRADL)**2/(2*CSTD(J)**2).GT.20.) GO TO 20 
GRADM(J)=EXP(-(CMODE(J)-GRADL)**2/(2*CSTD(J)**2)) 






















C ..•.. INITIALIZE VARIABLES TO START SIMULATION ON BARE PLOT 
C ••..• NTREES CONTAINS NUMBER OF TREES FOR EACH SPECIES 
C •.•.• DBH CONTAINS DIAMETER AT BREAST HEIGHT FOR EACH TREE 
c ..... 
!PLOT = IPLOT+1 
DO 10 I=1,NSPEC 
NTREES(l) = 0 
DBH(l) = 0. 
10 CONTINUE 
NSPE1 = NSPEC+1 
DO 20 I=NSPE1,700 









c .... . 
C ..... INITIALIZE VARIABLES TO ZERO FOR REPLICATE PLOTS 
c .... . 
C ..... KSPRT IS USED TO FLAG THE TREES THAT CAN SPROUT 
C ...•. NOGRO IS USED TO FLAG THE TREES THAT DON'T GROW 
C ..... IAGE CONTAINS THE AGE FOR EACH TREE 
c .... . 
c .... . 
DO 10 I=1,NSPEC 
NOGRO(l) = 0 
KSPRT( I) = 1 
-
� V1 
!AGE(!) = 0 
10 CONTINUE 
NSPE1 = NSPEC+1 
DO 20 I=NSPE1,700 
NOGRO(l) = 0 
!AGE(!) = 0 
20 CONTINUE 





C ..... SUBROUTINE RANDOM CALLS THE UNIFORM RANDOM NUMBER GENERATOR AND 
C..... RETURNS THE RANDOM NUMBER IN YFL 
c ..... 

















KNT = 0 
DO 30 I=1,NSPEC 
IF (NTREES(l).EQ.O) GO TO 30 
NL = KNT+1 
NU = NTREES(l)+KNT 
DO 20 K=NL,NU 
CALL RANDOM 
C ..... KILL TREES BASED ON PROBABILITY THAT ONLY 1% REACH MAXIMUM AGE 
c .... . 
IF (YFL.LE.(4.605/AGEMX(l)).OR.IAGE(K).GT.AGEMX(l)) 
> GO TO 10 
c ..... 
C ••... CHECK TO SEE IF THERE WAS ANY GROWTH FOR TREE 
c ..... 
IF (NOGRO(K).EQ.O) GO TO 20 
CALL RANDOM 
IF (YFL.GT.0.368) GO TO 20 
10 CONTINUE 
NTREES(l) = NTREES(I)-1 
c ..... 
C ..•.. CHECK TO SEE IF DEAD TREE CAN STUMP SPROUT. SET KSPRT = -1 
C ..... IF TREE CAN SPROUT 
c .... . 
IF (DBH(K).GT.SPRTMN(l).AND.DBH(K).LT.SPRTMX(l)) 
> KSPRT(l) = -1 
DBH(K) = -1.0 
20 CONTINUE 
KNT = NU 
30 CONTINUE 
c ..... 
C •••.. REWRITE DIAMETERS AND AGES TO ELIMINATE DEAD TREES 
c ..... 
K = 0 
DO 40 1=1,700 
IF (DBH(l).EQ.O.) GO TO 50 
IF (DBH(l).LT.O.) GO TO 40 
K = K+1 
DBH(K) = DBH(l) 
IAGE(K) = !AGE(!) 
NOGRO(K) = NOGRO(l) 
40 CONTINUE 
50 NTOT = K 
IF (NTOT.EQ.O) RETURN 
NTOT1 = K+1 
DO 60 I=NTOT1,NU 
DBH(l) = 0. 
!AGE( 1) = 0 
























C ....• SUM TOTAL NUMBER OF TREES 
c ..... 
NTOT = 0 
DO 10 I=1,NSPEC 
IF (NTREES(I).EQ.O) GO TO 10 
NTOT = NTOT+NTREES(I) 
10 CONTINUE 
c .... . 
C ..... DETERMINE WHICH SPECIES CAN SPROUT 
c .... . 
NW = 0 
DO 20 I=1,NSPEC 
IF (SPRTND(I).LE.O.) GO TO 20 
IF (KSPRT(I).GE.O) GO TO 20 
NW = NW+1 
20 
c ..... 
NEW(NW) = I 
CONTINUE 
C ..•.. CHECK FOR SPROUTS 
c ..... 
30 
c .... . 
IF (NW.EQ.O) GO TO 90 
DO 30 J=1,NTOT 
ITEMP(J) = IAGE(J) 
DTEMP(J) = DBH(J) 
NTEMP(J) = NOGRO(J) 
CONTINUE 
C ..... CHOOSE RANDOM NUMBER OF SPROUTS 
c .... . 
CALL RANDOM 
NW = NW*YFL+1.0 
c .... . 
C ..... SELECT SPECIES TO SPROUT 
c .... . 
NSPC = NEW(NW) 
NSUM = 0 
DO 40 I=1,NSPC 
40 NSUM = NSUM+NTREES(I) 
c .... . 
C ..... SPRTND IS THE TENDENCY FOR THE ITH SPECIES TO STUMP OR 
C ••••. ROOT SPROUT. THE VALUE OF SPRTND IS THE AVERAGE NUMBER 
C .•••• OF SPROUTS THAT MIGHT OCCUR WITH A TREE DEATH 
c ..... 
CALL RANDOM 
c .... . 
C ..... RANDOMLY SELECT NUMBER OF TREES TO SPROUT 
c .... . 
c ..... 
NSPRT = YFL*SPRTND(NSPC)+1 
NL = NSUM+1 
NUP = NTOT 
DO 50 I=1,NSPRT 
NSUM = NSUM+1 
NTREES(NSPC) = NTREES(NSPC)+1 
NTOT = NTOT+1 
IF (NTOT.GT.700) CALL ERR 
ITEMP(NSUM) = 0 
CALL RANDOM 
DTEMP(NSUM) = SIZE+.1*(1.0-YFL)**3 
NTEMP(NSUM) = 0 






IF (NL.GT.NUP) GO TO 70 
N1 = NSUM+1 
DO 60 J=NL,NUP 
DTEMP(N1) = DBH(J) 
ITEMP(N1) = IAGE(J) 
NTEMP(N1) = NOGRO(J) 
N1 = N1+1 
CONTINUE 
C •.••. REINITIALIZE ORIGINAL DIAMETERS AND AGES 
c ..... 
70 DO 80 L=1,NTOT 
IAGE(L) = ITEMP(L) 
NOGRO(L) = NTEMP(L) 
80 DBH(L) = DTEMP(L) 
90 CONTINUE 
c ..... 
C .•.•. REINITIALIZE SPROUT SWITCH FOR EACH SPECIES 
c ..... 
DO 100 I=1,NSPEC 



















C ....• DBH IS IN CENTIMETERS 
C •.... EACH TREE IS REQUIRED TO ADD A 1.0 MM GROWTH RING EACH YEAR 
c ..... 
c .... . 
TINC = .1 
PHI = 1. 
C ..... CALCULATE TOTAL NUMBER OF TREES 
c .... . 
NTOT = 0 
DO 10 1=1,NSPEC 
10 NTOT = NTOT+NTREES(I) 
IF (NTOT.EQ.O) RETURN 
c .... . 
C ..... SUM LEAF AREA OF ALL TREES THAT ARE OF APPROXIMATELY 
C ..... THE SAME HEIGHT 
c .... . 
DO 20 1=1,700 
NOGRO(I) = 0 
20 SUMLA(I) = 0. 
c .... . 
NL = 1 
SBIO = 0. 
DO 40 J=1,NSPEC 
IF (NTREES(J).EQ.O) GO TO 40 
NU = NL+NTREES(J) -1 
DO 30 K=NL,NU 
C ..... CALCULATE STAND BIOMASS 
c .... . 
SBIO = SBI0+.1193*DBH(K)**2.393 
c ..... 
C .•... HEIGHT PROFILE IS CALCULATED IN .1 METER UNITS 
c ..... 
IHT = (B2(J)*DBH(K)-B3(J)*DBH(K)**2)/10.+1. 
IF (IHT.GT.700) GO TO 90 
30 
SUMLA(IHT) = SUMLA(IHT)+1.9283295E-4*DBH(K)**2.129 
CONTINUE 




DO 50 J=1,699 
J1 = 700-J 
SUMLA(J1) = SUMLA(J1)+SUMLA(J1+1) 
CONTINUE 







NL = 1 
DO 80 1=1,NSPEC 
IF (NTREES(I).EQ.O) GO TO 80 
NU = NL+NTREES(I)-1 
DO 70 J=NL,NU 
HT = B2(1)*DBH(J)-B3(1)*DBH(J)**2 
IHT = HT/10.+2. 
SLAR = SUMLA(IHT) 
AL = PHI*EXP(·SLAR*.25) 
GR = (137.+.25*B2(1)**2/B3(1))*(0.5*B2(1)/B3(1)) 





C .•... DECREMENT GROWTH AS A FUNCTION OF POSITION ON GRADIENT 
DNC=DNC*GRADM(I) 
c ..... 
DINC = 2.24*(1.-EXP(-1.136*(AL-.08)))*DNC 
c ..... 
C •.•.• CHECK FOR SHADE-TOLERANT 
c ..... 
IF (ITOL(I).LT.2) DINC=(1.0-EXP(-4.64*(AL-.05)))*DNC 
c ..... 
C ..•.. CHECK INCREMENT LESS THAN 1.0 MM REQUIRED GROWTH 
IF (DINC.LT.TINC) DINC=O.O 
IF (DINC.NE.O.) GO TO 60 
NOGRO(J) = -1 
60 DBH(J) = DBH(J)+DINC 
70 CONTINUE 
























C ..... SAPLINGS ENTER THE PLOT AT AVERAGE SIZE OF 1.27 CM DBH 
c .... . 
c .... . 
SIZE= 1.27 
CALL RANDOM 
C ..... SELECT A SPECIES FROM 1 TO 3 TIMES 
c .... . 
c ... . 
NPLANT = 3.*YFL+1. 
CALL RANDOM 
C .... RAT RANDOM NUMBER IS FIXED FOR YEAR-USED IN SWITCH 4 
c ... . 
RAT = YFL 
DO 140 JK=1,NPLANT 
10 BIOM = 0. 
NL = 1 
c ..... 
C ..•.. CALCULATE BIOMASS (LEAF MASS) FOR EACH SPECIES 
DO 30 J=1,NSPEC 
IF (NTREES(J).EQ.O) GO TO 30 
NU = NL+NTREES(J)-1 
DO 20 K=NL,NU 
BIOM = BIOM+1.9283295E-4*DBH(K)**2.129 
20 CONTINUE 
NL = NL+NTREES(J) 
30 CONTINUE 
c .... . 
C ..... TOTAL NUMBER OF TREES IN STAND 
c .... . 
NTOT = NL-1 
c ..... 
C ••••• SWITCH 1 IS TRUE IF THE SPECIES REQUIRES LEAF LITTER FOR 
C ..••. SUCCESSFUL RECRUITMENT 
C ..••• SWITCH 2 IS TRUE IF THE SPECIES REQUIRES MINERAL SOIL 
C •.••. SWITCH 3 IS TRUE IF THE SPECIES RECRUITMENT IS REDUCED 
c ••..• BY HOT YEAR (not used, set to false) 
C ..... SWITCH 4 IS TRUE IF THE SPECIES IS A PREFERRED FOOD OF DEER 
C ..•.. OR SMALL MAMMALS 
C ..•.• SWITCH 5 REDUCES SEEDING RATE OF DESIRABLE MAST 
DO 40 J=1,5 
SWTCH(J) = .TRUE. 
40 CONTINUE 
C ...•• SET SWITCHES BASED ON VALUE OF BIOMASS, DEGD, AND RANDOM NUMBER 
c ..... 
c .... . 
IF (BIOM.GE •• 1) SWTCH(1) = .FALSE. 
IF (BIOM.LE .. 2) SWTCH(2) = .FALSE. 
SWTCH(3) = .FALSE. 
IF (RAT.GT •• 5) SWTCH(4) =.FALSE. 
CALL RANDOM 
IF (YFL.GE •• 5) SWTCH(5) = .FALSE. 
C ..... CHECK SWITCHES TO DETERMINE IF SEEDING IS ALLOWED 
c .... . 
NW = 0 
DO 60 J=1,NSPEC 
c ..... 
C ..•.. DO NOT PLANT IF GROWTH IS DECREMENTED BY MORE THAN 95% 
C ..... DUE TO POSITION ALONG GRADIENT 
c .... . 
IF (GRADM(J).LT.0.05) GO TO 60 
DO 50 K=1,5 
IF (SWITCH(J,K).AND.SWTCH(K)) GO TO 60 
50 CONTINUE 
IF (KYR.GT.KTIME(J).AND.NTREES(J).LE.O) GO TO 60 
NW = NW+1 
NEWTR(NW) = J 
60 CONTINUE 
c ..... 
C ....• CHECK TO SEE IF THERE ARE ANY NEW TREES 
c ..... 
IF (NW.EQ.O) GO TO 130 
c .... . 
C ..... CALCULATE AGE AND DIAMETER FOR NEW TREES 
c .... . 
DO 70 1=1,NTOT 
!TEMP(!) = IAGE(l) 
DTEMP(I) = DBH(I) 





C ..••. DETERMINE THE NUMBER OF SEEDLINGS TO PLANT 0 TO 8 
c ..... 
c .... . 
CALL RANDOM 
MPLANT = 8.*YFL 
C ..... SELECT SEEDLINGS (PARTICULAR SPECIES) 
c .... . 
CALL RANDOM 
Nil= NII*YFL+1.0 
NSP = NEIITR(NII) 
NSUM = 0 
DO 80 1=1,NSP 
80 NSUM = NSUM+NTREES(I) 
c .... . 
C ..... PLANT RANDOM NUMBER OF SEEDLINGS 
c .... . 
c .... . 
NL = NSUM+1 
NUP = NTOT 
DO 90 J=1,MPLANT 
NTOT = NTOT+1 
IF (NTOT.GT.700) CALL ERR 
NSUM = NSUM+1 
NTREES(NSP) = NTREES(NSP)+1 
ITEMP(NSUM) = 0 
C ..... CALCULATE DBH FOR SEEDLINGS 
c .... . 
CALL RANDOM 
DTEMP(NSUM) = SIZE+.3*(1.0·YFL)**3 
NTEMP(NSUM) = 0 
90 CONTINUE 
IF (NL.GT.NUP) GO TO 110 
N1 = NSUM+1 
DO 100 L=NL,NUP 
DTEMP(N1) = DBH(L) 
ITEMP(N1) = IAGE(L) 
NTEMP(N1) = NOGRO(L) 
N1 = N1+1 
100 CONTINUE 
c .... . 
C ..... REINITIALIZE ORIGINAL DBH AND AGE ARRAYS· INCLUDING NEll TREES 
c .... . 
c .... . 
110 DO 120 1=1,NTOT 




DBH(I) = DTEMP(I) 




IF (BIOM.LT.0.2) GO TO 10 
CONTINUE 
c ..... 
C •••.. INCREMENT AGES 
c ..... 
DO 150 1=1,NTOT 


























NTOT = 0 
DO 100 1=1,NSPEC 
BA(I )=0.0 
BAR(! >=0. 0 
IF(NTREES(I).EQ.O) GO TO 100 
NU=NL+NTREES(I) · 1 
DO 150 J =NL,NU 





c .... . 
C ..... BA(I) • BASAL AREA OF SPECIES I IN M2/HA 
C ..... TOBAR · TOTAL BASAL AREA ON PLOT IN M2/HA 
C •••.• TBAR ·TOTAL BIOMASS ON PLOT 
C ..•.• BAR(I) · BIOMASS OF SPECIES I 
C ••... NDEN(I) ·DENSITY OF SPECIES I IN STEMS/HA 
































IF (0UTS�T(3)) �RITEC15,rec=kyr) (bba(nn),nn=1,nspec) 
IF (OUTS�T(3)) �RITE(16,rec=kyr) (nNDEN(nn),nn=1,nspec) 
IF (OUTS�T(3)) �RITEC17,rec=kyr) (bBAR(nn),nn=1,nspec) 
IF (OUTS�T(4)) �RITE(9,3000) GRADL,IPLOT,KYR 





IF (PRINT) �RITE(I02,2000) KYR 
2000 FORMAT('OYEAR' ,15) 
IF (PRINT) �RITE(I02,2010) 
2010 FORMAT('OSPECIES' ,17X,'STEMS' ,2X,'S/HA' ,2X,'M2/HA' ,2X,'BIOMASS' I 
12X,'% BIOM' ,38X,'DBH') 
NL=1 
DO 200 I =1,NSPEC 
IF(NTREES(I).EQ.O) GO TO 200 
NDEN(I)=NTREES(1)*12 
PER=(BAR(I)/TBAR)*100. 
NU=NL+NTREES(I) · 1 
NLINES=((NTREES(I)·1)/8)+1 
NLI NES=NLI NES·1 
IF (NLINES.EQ.O) GO TO 10 
L1=NL+7 
IF (PRINT) �RITE(I02,2020)CAAA(I,J),J=1,6),NTREES(I),NDEN(I), 
1 BA(I),BAR(I),PER,(DBH(li),II=NL,L1) 
2020 FORMAT('0' ,6A4,2X,I3,2X,I4,2X,F6.2,1X,F7.1,2X,F6.1,7X, 
18(F6.1 ,2X)) 
DO 250 J=1,NLINES 
L2=L1+1 
L1=L1+8 
IF (J.EQ.NLINES) L1=NU 
IF (PRINT) �RITE(I02,2030)(DBH(Il),II=L2,L1) 
2030 FORMAT(67X,8(F6.1,2X)) 
250 CONTINUE 
GO TO 20 






2050 FORMAT('0' ,18X,'TOTALS' ,2X,I3,2X,I4,2X,F6.2,1X,F7.1) 
IF(.NOT.PLOT) RETURN 
C DO 300 IV1 = 1,NSPEC 
C 300 CONTINUE 
C ATOT=NTOT 
C N1 = NSPEC+1 
C N2 = N1+1 











C ...•• Code for random number generator obtained from 
c ..... Press et al. 1986. Numerical Recipes. Cambridge 






data iff /0/ 





























C ..... CALCULATES NORMALLY DISTRIBUTED RANDOM NUMBERS 
c .... . 
K = 0 
A1 = RANDU() 
A2 = RANDU() 
K = K+1 
Z(K) = SQRT(-.2E01*ALOG(A1))*SIN(PI2*A2) 
K = K+1 
Z(K) = SQRT(-0.2E01*ALOG(A1))*COS(PI2*A2) 
RETURN 
END 
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